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(54) Composite tubular woven seal for gas turbine nozzle and shroud interface 



(57) A compliant woven tubular seal (70) te provided 
In an arcuale cavity opening through an axial face of a 
plurality or shroud segments in opposition to a nozzle 
retaining ring. The annular composite tubular woven 
compliant seal includes a stainless steel inner metal 



core (78) surrounded by an annular layer of silica fiber 
(80). S u rroun ding the silica fi ber is a metal foil (82) wh Ich 
prevents flow past trie supplemental seal, an outer 
wear-resistant braiding (B4) serves as a protective cov- 
ering and wear surface. 
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Description 

[0001] The present Invention relates to seats In a gas 
turbine and particularly to a compliant seal for applica- 
tion at the gas turbine nozzle and shroud Interface. 5 
[0002] in a gas turbine, hot gases of combustion flow 
from combustors through first-stage nozzles and buck- 
ets and Uirough the nozzles and buckets of follow-on 
Turbine stages. The first-stage noz2les typically Include 
an annular array or assemblage of cast nozzle seg- 10 
ments each containing one or more no2Zle stator vanes 
per segment. Each first-stage nozzle segment also in- 
cludes inner and outer band portions spaced radially 
from one another. Upon assembly of the nozzle seg- 
ments, the stator vanes arc elrcumferentlaHy spaced « 
from one another to form an annular array themof be- 
tween annular Inner and outer bands. A nozzle retaining 
ring coupJed to the outer band of the first-stage nozzles 
supports the first -siHge nozztes In the gas flow pain of 
the turbine. An annular nozzle support ring, preferably 
split at a horizontal midline, is engaged by the Inner band 
and supports the first-stage nozzles against axial move- 
ment 

[0003] Each stage of tho turblno also includes a plu- 
rality of shroud segments arranged In an annular array 25 
thereof defining an annular Inner surface forming part of 
the hot gas path. The shroud inner surface is spaced 
from the tips of the buckets of the turbine rotor. It will be 
appreciated that the noz?ies In conjunction with the 
shrouds and buckets form a turbine stage. so 
[0004] Warpage during operation and during repair of 
the nozzle and the shrouds may leave a gap between 
those turbine components. As a consequence, hot gas- 
es flowing through the hot gas path may leak or dissipate 
through the gap. As a result, the efficiency of the turbine 35 
is reduced. In efforts to seal any such gap appearing In 
the turbine during operation or repair. W-type seals have 
been provided between the nozzle retaining ring and the 
shrouds. However, the W-type seals have not proven 
effective. For example, a W-type seal can be jammed 40 
during assembly of the turbine, i.e., by relative radial 
movement between the nozzle ring and the shrouds dur- 
ing installation. Also, the W-type seal has been ob- 
served to crack during operation as a result of low-cycle 
fatigue. Consequently, there is a need for effectively 45 
sealing between the nozzle ring and the shrouds of the 
stage of a turbine which would tolerate the warpage of 
the nozzle ring and shroud, eliminate leakage and im- 
prove the robustness of the seal at that sealing location. 
[0006] in accordance with a preferred embodiment of so 
the present invention, there Is provided a composite tu- 
bular woven seal for disposition between the nozzle re- 
taining ring and the annular array of shrouds of a turbine 
stage to effectuate a seal, notwithstanding relative 
movement of the nozzle ring and shrouds during instal- ss 
lation and warpage during operation. An annular cavity 
is formed In one of the axfall y registering surfaces of th a 
nozzle retaining ring and shrouds, preferably the 
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shrouds, and which cavity provides B seat for trie seal. 
A composite tubular woven seal is disposed in the cavfty 
and bears against trie annular sealing surface of the 
nozzle retaining ring. Thus, when the nozzle retaining 
ring and shrouds are installed, the composite tubular 
woven seal is resiliently and compliantly flattened be- 
tween the axially opposed sealing surfaces of the re- 
spective nozzle retaining ring and shrouds to seal be- 
tween those surfaces. That is, the diameter of the woven 
tubular seal is greaterthan the depth of the cavity where- 
by the compliant seal Is flattened in the cavity between 
the base of the cavity and the opposing sealing surface. 
Thus, in the event of any warpage or opening of a gap 
between the nozzle retaining ring and shroud, the com- 
pliant seal will expand to provide an effective seat. 
[0006] The composite tubular woven supplemental 
seal is compliant as a result of the multiple layers form- 
ing the seal. The layers include an inner woven metal 
core, a fiber material, a metallic foil and a melaf outer 
covering. Prefer ably, the Inner metal core is formed of a 
woven stainless steel which le surrounded by a silica 
fiber. The fiber, in turn, Is surrounded by a stainless steel 
metal foil and the outer covering fe formed of a braided 
metal, forcxamplo, Haynos 188. Because of the nature 
of the composite tub u lar wo von s oaf , the seal is compli- 
ant, particularly as a result of the resiliency of the metal 
core and surrounding silica fiber. Moreover, the metal 
foil fayer surrounding the fibor prevents leakage be- 
tween the supplemental seal and the sealing surface of 
the nozzle support ring, while the braided outer covering 
serves as a protective wear surface. The Inner metal 
core and silica fbers retain the generally circular con- 
figuration of the supplemental seal In cross-section such 
that the seal, when compressed, is preloaded or biased 
for return to Its circular cross-sectional configuration. 
[0007] In a preferred embodiment according to the 
present Invention, there is provided a turbine comprising 
a turbine nozzle retaining ring having a generally axially 
facing first surface and forming part of a turbine stage, 
a turbine shroud segment having a second surface in 
axial opposition to the first surface and forming part of 
the turbine stage, a cavity in one of the retaining ring 
and the shroud segment, the cavity opening generally 
in an axial direction and toward another of the retaining 
ring and the shroud segment and a compliant seal In the 
cavity including a seal body formed of multiple layers of 
different materials for compliantly engaging against one 
of the first and second surfaces opposite the cavity to 
seat thereagainst. 

[0008] In a further preferred embodiment according to 
the present invention, there is provided a gas turbine 
comprising a turbine nozzio retaining ring having a gen- 
erally axially facing annular first surf ace and forming part 
of a turbi ne stage , a pi urallty of turbine sh roud segments 
defining an annular array thereof and an annular second 
surface in axial opposition to the flrstsurface, an annular 
cavity in one of the first and second surfaces opening 
generally in an axial direction and toward another of the 
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3 EP12 

first and second surfaces and « compliant seal In the 
cavity including a seat body formed of multiple layers of 
different materials for compliantly engaging against an- 
other of the first and second surfaces opposite the cavity 
to seal thereagainst. 

[0009] An embodiment of the Invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

FIGURE 1 is a fragmentary schematic side eleva- 
tional view of a portion of a gas turbine; 

FIGURE 2 is an enlarged cross-sectional view illus- 
trating an interface between a nozzle retaining ring 
and a shroud with a compliant tubular woven seal 
therebetween in accordance with a preferred em- 
bodiment of the present Invention; and 

FIGURE 3 Is an enlarged cross-secli on a) view illus- 
trating the component parts of the seal. 

[0010] Referring now to Figure 1 , there is illustrated a 
representative example of a turbine section of a gas tur- 
blno, generally designated 10. Turbine 10 receives hot 
gases of combustion from an annular array of combue- 
tors, not shown, which transmit tho hot gases through a 
transition piece 12forflow along an annular hot gas path 
14. Turbine stages are disposed along the hot gas path 
14. Each stage comprises a plurality of circumferential^ 
spaced buckets mounted on and forming part of the tur- 
bine rotor and a plurality of oiroumferentially spaced eta- 
tor vanes forming an annular array of nozzles. For ex- 
ample, the first stage Includes a plurality of circumfer- 
entially-spaced buckets 1 6 mounted on a first-stage ro- 
tor wheel 18 and a plurality of circumferential ly-s paced 
stator vanes 20. Similarly, the second stage includes a 
plurality of buckets 22 mounted on a rotor wheel 24 and 
a piurafty of circumferentially-spaced stator vanes 26. 
Additional stages may be provided, for example, a third 
stage comprised of a plurality of circumferenti airy- 
spaced buckets 28 mounted on a third-stage rotor wheel 
30 and a plurality of circumferentially-spaced stator 
vanes 32. It will be appreciated that the stator vanes 20, 
26 and 32 are mounted on and fixed to a turbine casing, 
while the buckets 16, 22 and 28 and wheels 18, 24 and 
30 form part of the turbine rotor. Between the rotor 
wheels are spacers 34 and 36 which also form pari of 
the turbine rotor. An annular array of shroud segments 
35, 37 and 39 are provided radially outwardly of the 
buckets 1 6. 22 and 28, respectively, to form an annular 
shroud about the buckets, and in part define the flow 
path through tho turbino. 

[0011] Referring to The first stage of the turbine, the 
stator van as 20 forming the first-stage nozzles are dis- 
posed between inner and outer bands 38 and 40, re- 
spectively, supported from the turbine casing. As noted 
above, tho no?7les of the first stag a ara formed of a plu- 
rality of nozzle segments 41 each mounting one, pref- 
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erably two. stator vanes extending between inner and 
outer band portions and arranged in an annular array of 
segments. A nozzle retaining ring 42 connected to the 
turbine casing is coupled to the outer band and secures 
b the first-stage nozzle. A nozzle support ring 44 radially 
inwardly of the inner band 38 of the first-stage nozzles 
engages the inner band 38. 

[0012] As noted previously, the nozzle ring and the 
shroud segments may form leakage gaps or paths as a 

10 result of improper installation and/or repair. In order to 
inhibit or prevent leakage flow, there is provided a com- 
pliant wovon tubular seal for sealing between the nozzle 
ring and the shroud segments, e.g., between the nozzle 
retaining ring42 and the shroud segments 35. Referring 

'5 to Figure 2, the seal, generally Indicated 70, includes a 
compliant seal body 72 disposed in a cavity 74 formed 
In one of the axlalry opposing surlaces 76 and 78 of the 
nozzle ring and shroud segments, respectively. As Illus- 
trated and preferably, the cavity 74 is formed in the 

20 shroud segments, it will be appreciated that the cavity 
Is arcuate and eKtends a full 360* to seal between the 
nozzle ring and the shroud segments. 
[0013] The seal body 72 preferably comprises a solid 
ring which, in an uncompressed condition, has a circular 

25 cross-section, as illustrated In Figure 3. The soal body 
72 is formed of multiple layers of material. Preferably, 
the innermost layer 78 comprises e woven metal core 
formed of a stainless steel material. Surrounding the 
metal core 78 is an annular layer of fiber, preferably a 

30 silica fiber 60. Surrounding the silica fiber 80 Is a metal 
foil 82, preferably formed of stainless steal. Finally, the 
outer covering 84forthe soal body 72 includes ametallic 
braided material, preferably a braided steel material 
such as Haynes 1 88. The composite tubular woven seal 

35 70 is compliant in a lateral direction, I.e., Is biased or 
preloaded to return to Its circular cross-sectional shape 
in the event of compression In a direction corresponding 
to the axis of the ring. 

[0014] As Illustrated In Figure 2, the cavity 74 has a 

to width In a radial direction slightly larger than the diam- 
eter of the seal body 70. However, the depth of the cavity 
Is short of or less than the diameter of the seal body. 
Consequently upon installation of the sea! body 70 Into 
cavity 74 and mating of the nozzle retainer ring 42 and 

40 shroud segment 35. the composite tubular woven seal 
Is compliantly crushed between the base of tne cavity 
74 and the surface 76 or Lhe nozzle retainer ring 42. Con- 
sequently, in the event of any relative movement be- 
tween the nozzle retainer ring 42 and the shrDud seg- 

so menla 35 opening a gap, the composite tubular woven 
seal 70 expands to form a seel between the axially op- 
posite surfaces 76 and 78 due to its compliant naturo. 
The woven metallic core 78 In combi nation with tho 
heat-resistant siSca layer enables the seal body to tend 

55 to return to its circular configuration in cross-section. 
The metal foil layer 82 prevents leakage past the seal 
70. The waar-resistant outer braiding serves as a pro- 
tective covering and wear surface. 
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[001 SJ Preferably, the seal body 72 is provided in m* 
or tao° lengths. Consequently, the seal 70 spans be- 
tween adjacent shroud segments. The compliant nature 
of the seal 70 effectively seals any gaps between the 
nozzle retaining ring 42 and the shroud segments 35. s 



Claims 

1. A turbine comprising: w 

a turbine nozzle retaining ring (42) having a 
generally axiaBy facing first surface (76) and 
forming part of a turbine stage; 
a turbine sn roud segment (35) having a second is 
surface (78) in axial opposition to said first sur- 
face and forming part of said turbine stage; 
a cavity (74) In one of said retaining ring and 
said shroud segment, said cavity opening gen- 
erally In an axial direction and toward another £0 
of said retaining ring and said shroud segment; 
and 

a compliant seal (70) in said cavity Including a 
seal body formod of multiplo layers <7B f 80, B2, 
84) of different materials for compliantly engag- 25 
Ing against one of said first and second surfac- 
es opposite said cavity to seal thcreagainst. 

2. A turbine according to Claim 1 wherein said cavity 
and said seal body are arcuate In a circumferential 30 
direction about an axis of the turbine. 

3. A gas turbine comprising: 

a turbine nozzle retaining ring (42) having a 35 
generally axlally facing annular first surface 
(76) and forming part of a turbine stage; 
a plurality of turbine shroud segments (35) de- 
fining an annular array thereof and an annular 
second surface (78) In axial opposition to said **> 
first surface; 

an annular cavity (74) in one of said first and 
second surfaces (78, 80) opening generally in 
an axial direction and toward another of said 
first and second surfaces; and 
a compliant seal (70) In said cavity Including 8 
seal body (72) formed ol multiple layers of dif- 
ferent materials for compliantly engaging 
against said another of said first and second 
surfaces opposite said cavity to seal therea- 50 
gainst 

A. A turbine according to any one of Claims 1 to 3 
wherein said materials of said sea) body comprise 
a woven metal core (7B), a fiber (80), a metallic foil ss 
(82) and a protective metal layer (84). 

5. A turbine according to any one of Claims 1 to 3 
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wherein said materia Is of eaJd seal body comprise 
an inner woven metal core (78), a silica fiber (80), 
a metal foil (82) and a braided metal outer protective 
layer (84). 

6. A turbine according to any one of Claims 1 to 3 
wherein said cavity is formod in said second sur- 
face, said seal body compliantly engaging said first 
surface. 

7. A turbine according to Claim 6 wherein said mate- 
rials of said seal body comprise a woven metal core 
(78), a fiber (80), a metallic foil (82) and a protectee 
metal layer (84). 

8. A turbine according to Claim 6 wherein said mate- 
rials of said seal body comprise an Innermost wo- 
ven metal core (78), a slUea fiber (80), a metal foil 
(82) and a braided metal outer protective layer (84). 

9. A gas turbine according to Claim 3 wherein said 
cavity is formed in said second surface (7B), said 
seal body compliantly engaging said first surface, 
said materials of said soal body Including a contra! 
inner woven metal core (78), a silica fiber (80) sur- 
rounding said core (82), a metal foil (84) surround- 
ing said fiber and a braided metal outer protective 
layer. 

10. A gas turbine according to Claim 3 wherein each of 
said shroud segments has a circumferential extent 
between opposite sides thereof, said cavity being 
formed in said second surface, said compliant seal 
having a circumferential extent in excess of the cir- 
cumferential extent of said shroud segments to 
span the joint between adjacent shroud segments. 
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